Divergent functional roles for p90rsk kinase domains.
A unique and highly conserved structural feature of approximately 90-kDa ribosomal S6 kinase (p90rsk or RSK) is the presence of two non-identical kinase domains. To explore the mechanism of RSK activation, a cloned human RSK cDNA (RSK3) was used to generate and characterize several site-directed RSK mutants; K91A (N-Lys, NH2-terminal ATP-binding mutant), K444A (C-Lys, COOH-terminal ATP-binding mutant), N/C-Lys (double ATP-binding mutant) T570A (C-Thr, mutant of the putative MAPK phosphorylation site in subdomain VIII of the C-domain), S218A (N-Ser, mutant of the corresponding NH2-terminal residue). Epitope-tagged RSKs were expressed in transfected COS cells followed by immunoprecipitation with or without prior in vivo epidermal growth factor stimulation. Kinase activity (S6 peptide) of N/C-Lys and N-Lys was ablated (and partially impaired with N-Ser). In contrast, both C-Lys and C-Thr retained high levels of kinase activity and were capable of responding to stimulation. C-Lys also retained partial kinase activity toward other substrates (c-Fos, S40 ribosomes, protein phosphatase 1 G-subunit, histones, and Leu-Arg-Arg-Ala-Ser-Leu-Gly (Kemptide)) whereas N-Lys did not. The isolated NH2-and COOH-terminal domains were also expressed; the C-domain was inactive, whereas the N-domain retained partial activity. Relative to wild-type, both N-Lys and C-Lys (as well as N-Ser and C-Thr) underwent partial in vitro autophosphorylation that was further stimulated by EGF protein tyrosine phosphatase. We conclude that 1) the NH2-terminal RSK kinase domain mediates substrate phosphorylation; 2) both domains contribute to autophosphorylation; 3) the putative MAPK phosphorylation site is not required for growth factor-stimulated autophosphorylation or kinase activation.